
February 17, 1954 

Profeeeor Adtien Albert 
Auetralian National Univereity 
London, England 

Dear Profseeor Albert: 

Firet, let me belatedly acknowledge, with thanks, yourshipment of pamino 
acridlne end ite 1,2,3,&tetrahydro derivative. I em sorry to have to report 
that both viala arrived badly emaehed, but Dr. Bernetsin rae fortunately able 
to recover about 'j0 mg. of each compound from the ruirm, and this wa8 auf'ficient 
for the immediate purpoee. 

The studies that Dr. Aleck Bernetein (here on leave from the F.H.L.S. from 
London) has been pursuing, and for which we requested your favor of these 
two complunds, have reached a stage that might, I hope, a~;? your interest 
and for which we are , amaW at any rate, in need of sonic counsel. Ae they bear 
directly on the bioohemical specificity of the acridinea, I could not think of 
any more competent authority than yourself. 

Our Intereat in the probiem steme from a study of the genetic determination 
of flagellar phaee variation in Salmonella app., vie. the alternation of eerolo- 
gical type of H antigen ehown bg. diphaeic) &rains. A8 Borne of our 
etudies now indicate (reprint& under separate cover), it appeara that the numerous 
dietinut phaee-1 (specific phase) antigens are governed by alleles at one locue, 
comparable, in a eenee, to the #Qp(w... alternativee in the human blood groups, 
while the phase-2 antigens are hwologues referable to a seuond locue,-- sometiat 
on the order of the l@cPr alternativea. If I may stretch the analogy further, Sal- 
mohella behaves a8 if, in the human eystemt a given erythrocyte could, at any 
time, display either its Rh character, or ite ABO aharaoter but not both. Our 
genetic intereat comes from the fact that the descendants of a cell in a given 
phase are almoet alwaye in the came phaee. At any rate, there was little else 
in the literature to suggest that the phaae-1 and phase-2 antigena did in fa!t 
belong to dietinot homology groupe, except for the quasi-genetic argument of the 
usual occurrence of one alternative from each group in any given serotype.of 
SalmonelLa. 

Zn an obscure report, however, Sertic 8 Boulgakov (1936, C.3.Soc. Biol. 
123:951-2) indicated Qjat acriflavine would agglutinate Salmonella culture0 
in phase-2, but not in phaae-1. It is difficult for zL"re to understand why this 
work haa been overlooked 80 completely, but we have seen no subsequent reference 
of any kind. At any rate, it proved to be quite eatiy to cimfirm ?hie account 
and to include various controls not emphasized by S.&B. A uoneiderable variety 
of types have been oarefully examined, and in each aaae a phase-2 culture was 
agglutinated; phase-l was not. SEoB'e technique ie not entirely satisfactory: 
a preferred procedure is to set up the culturee ao if' for a tube agglutination 
with anti-H Berum* The oelis should be either live, or killed with Roccaj. (v.i.). 
The acriflavine is effective to a dilution of about 1:'jGOO to btlOO0. Salt is 
not required. 
above, 

The agglUtinatiOn is specific over a range frotr j$I 6-8. At 9 and 

but the 
both phaeee are agglutinated; at lower pIi, the dyJ tends to WsgrstaZlize 
agglutination may also be directly revereed. ?!re reaction reut.&res 2-4 

hours at yp, and cl-osely reoembles a serum H agglutination~$$/&$ S&dlariy, it 
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is negated by p~?ior heatPng of the bacterial euspeneione Xon-f'lagellated variants 
are not agglutinated. A distinct type of agglutination may also be observed, especially 
with rougln culture8, but like the corresponding '0" agg;lut%nat9on, it is granular 
rather than flocculent, stable to heat, and requires considerably Ioxgcr incubation. 
TQ prove more definitely that the reaction directly imolves the flagella, preparations 
of isolated flagella 'have been made (af’ter Gard & IJeibull)-- it looko as if theso 
behave in the Bame sense ae the bacteria from whloh they are separated* 

We had hoped to investigate the reaction by following the binding of tie dye, but 
there is (as you would have anticipated) an overwhelm&ng uptake of ;ulti$ acriflavine 
sven 5p nos-flagellated vnrimts that would obacw?e the e:Wects we might be ihterested 
in. 

Of several antiseptiae tested, RoccaL proved moat effective while preserving 
the specific reaotlon. Formaldehyde a?peara to react directly with the dys, but 
waahed formalized cells reacted in sit&r phase (pr sslmAbly in coneeq(.~~ce of the 
removal of free amino groups). 0th.~~ antisept3.m either abo!.-Iahed the .renl=tion or 
interfered with its observation. 

We Inay now come to the problem of chemical speoific$rty. The prsv3.ous results 
suggested the possibility that phase-2 flagella might simply be more acidfo than 
phase-l, a point we hope to oheck by a oi,~~ple cataphoretic teat, However, while 
(purified) euflavine, prof?avine, a$( one sample of) acridine orange and 5-amino 
acrldtilo were each specifically effective under our condition:Ji rtuch bases as 
$+ 1,2, 39 It-~trail~ro-5-anino-a~!ridi.~e, >-rowaniline , and atraptm-ycin were not! 
Protm!be auifate gave a none;3ecific 4gglut%mxtion, no migkt be ex;x3oted. (X5 Fntsr- 
ference with acriflavine on the part of p-rasaniline was obeerved!) For other purpoeea 
we had hoped to find a specffie reagent that would not impair the viability of the 
bacteria, but as you will recognize, the eff0ctivs compounds are a!.1 potent antisoytfea 
at the concentrations used. (30 differential baatericids of -k&e two phases was fo*ad). 

This if-3 ubout the preeent etatua: there is the probltm what woul-d bo worthwhile to 
do nest. Our primary interest is not BQ much the specificity of the aazfdines aa a 
demonstration of a chemical dlffarential of the gsneticaily distinct phases, but it 
is dlff'icult to isolate the two problor?a. I had hoped, however, that you might fd.nd 
sufYicfent interest in the paralLelZs3 of the apecffisity here and in the bacteriostatb~ 
tests to offer some oouneel. If it should be posaibia for you to etweot (and furafsh) 
a Limited numbur of additional compounds that might be non-toxic reagoritsj or of$er 
deoisiv~ clues as to the basis of the s:3ecificity, we would be indebted to ~yxxd for 
the opportunity to test them* However,, if' a more e:rte:mive aurv3y is 9ndieated, an z.ay 
well be the case, it might be more ap;>ropriate and more convenient for it to be con- 
ducted under your personal supervision, If" the prospect accords with you present ~~IMEI 
and facilities. Lst me emphasize the tschn%aaP BES#J Facility of tho tests; naedlees to 
say, we will be delighted to furnish cul..tures and whatever else would be appLicablao 

Asfda from the possibiiity of a luted survey of' additional compounds, our plans 
with regard to the chemical aspects of the problem are lintted to the completion of 
observations on isolated flagella and to rmm cnaparisons in an aiactrophorosio appara- 
tue . 

Professor Rubbo sends his regards; he will be familiar with oqur results at close 
hand and will ba ready to consuit with you about them If thfs should seem appropriate 
(when you have both returned to Australia). I mention this for fear of having inadver- 
tently left xmaxlrpans%x out emue bportant detail. 
cment you may have will be most welcome. 

~~eedless to say, any 

his sincere ly 

Joshua Lederkrg 



2/20/54 P.S. 

We have just learned, from Inhibition experiments, that the flagella of either 
phaee are equally competent to bind acriflavine, so that the problem now devolvea 
on the far more elusive point of the physical state of the flagellar u&aria1 
that results in massive aggregation only of phase 2 ! We had hopei to uncover some 
cluea from the extensive literature on the uee of aorifiavine for the diagnosie of 
smooth/rough culturea, but although this test la very widely applied, we have found 
nothing bearing on &ixm mechanism; your book makea no reference to it, but can you ac- 
quaint ua with any literature? 

If I had not mentioned it before, I would be greatly ihdebted to you for an exchange 
of publications. A packet of some of my own papers Is mailed under eeFarate cover. 
To avert duplication, may I mention that Frcfeascr Rubbo has kindly been able to 
fiirrlsh I-IV of the "antibacterial activity' series and I & "toxicity", but not 
any of the others or more recent works. 

% the basis of the arguments in your book "Selective Toxicity' (which I found to be 
beautifully written aa well aa informative), a few choices of additional compounds 
euggeet themeelues. Would ycu agree on: 

1 j 4-aminoquinol3.ne. 2) itG 2-etyrpl-derivative. (to verify the shape reptirament) 
and 

$). 2-aminoacridine->carboxylic ac. or 4) !j-amino-2-hydroxyacrldine 
(to verify the role of pK --not 
yet tested, in fact3 in any way 
in our material.) ? 

But there is an insistent temptation to exakb”just one more compound". 

Yours sincerely, 

J. L. 


